2 Introduction 82 83
Innate immune activation in response to various pathogens leads to systemic 84 inflammation, inducing a distinct metabolic and behavioral paradigm that includes fever, 85 weight loss, anorexia, and fatigue. This constellation of signs and symptoms, referred to 86 as "sickness behavior" (Dantzer et al., 1998) , is critical for combating infection and 87 allows resources to be diverted to the immune system to fight pathogens. However, if 88 sickness behavior is maintained in conditions of chronic inflammation, it can become 89 maladaptive and manifest as cachexia. Cachexia is a devastating syndrome 90 characterized by anorexia, increased catabolism of lean body mass, and lethargy 91 clinical concern, there are currently no effective treatments and mechanisms remain 98 controversial. 99 remain undefined. 114
Toll-like receptors (TLRs) are key components of the innate immune system, 115 recognizing a variety of pathogens and inflammatory signals. TLR function is 116 important for mounting an appropriate inflammatory response, and metabolic 117 signaling in the CNS is closely tied to TLR signaling (Jin et al., 2016b) . Pro-118 inflammatory signaling via the Myeloid Differentiation Primary Response Gene 88 119 (MyD88) pathway was initially thought to be the dominant mechanism whereby the 120 binding of pathogenic signaling molecules to receptors is linked to the synthesis and 121 release of inflammatory cytokines and chemokines (Medzhitov et al., 1998) . However, 122 recent data suggest that MyD88-independent pathways linking TLRs to cellular 123 activation are present within the brain (Hanke & Kielian, 2011; Sen Lin et al., 2012) . The 124 adaptor protein TIR-domain-containing adaptor inducing interferon-β (TRIF) is an 125 important inflammatory signaling mediator, yet has received little attention in the context 126 of CNS-mediated alterations in behavior and metabolism during illness. TRIF is the 127 dominant adapter for TLR3 signaling, and plays an essential role in TLR4 responses to 128 5 LPS as well (Yamamoto et al., 2003) . Furthermore, TRIF knockout (TRIFKO) mice are 129 nearly as resistant to endotoxin-induced mortality as are MyD88KO mice (Feng et al., 130 2011) . 131
The role of TRIF signaling in the CNS during acute sickness behavior and cachexia 132 is unknown. We found that TRIF signaling is important for neuroinflammation and 133 resulting acute sickness behavior after systemic or central exposure to LPS. We also 134 found that mice lacking TRIF have attenuated cancer cachexia. These results implicate 135 TRIF as a key signaling mediator in inflammation-driven behavioral and metabolic 136 changes during illness, and a potential therapeutic target for cachexia .  137   138  139  140  141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160  161  162  163  164  165   6   Results   166  167 Mice lacking TRIF show attenuated acute illness response after systemic LPS 168 challenge 169 TRIF is an important adaptor protein for innate immune activation (Yamamoto et al., 170 2003) . While several studies demonstrate that MyD88 is important for acute sickness 171 behavior, the role of TRIF in sickness behavior after LPS challenge is unknown. After 172 systemic LPS challenge (250 g/kg, IP), TRIFKO mice showed attenuated anorexia and 173 weight loss compared to WT mice ( Fig. 1a and b ). Next, in order to determine the 174 degree of hypothalamic activation and quantify stress response, we measured plasma 175 corticosterone (Gong et al., 2015) . While WT mice showed a large increase in plasma 176 corticosterone 4 hrs after IP LPS administration, LPS-treated TRIFKO mice did not 177
show a significant increase ( Fig. 1c) . 178
CNS inflammation is a hallmark of acute illness responses and cachexia. 179
Therefore, we measured expression of inflammatory cytokine and chemokine genes in 180 the hypothalamus after systemic LPS challenge using qRT-PCR. We found that 8 hrs 181 after 250 g/kg IP LPS, TRIFKO animals showed attenuated up-regulation of several 182 cytokines and chemokines in the hypothalamus, including Il6, Ccl2, Ccl5, Cxcl1, Cxcl2, 183
and Cxcl10 (Fig. 1d ). Alternatively, Il1, Tnf, Ifn, and Cd80 were either similarly 184 upregulated compared to WT LPS-treated mice or not upregulated in either group of 185 LPS-treated mice. It is important to note that basal expression of all 186 cytokines/chemokines was detectable in hypothalami of saline-treated animals. 187
In order to rule out altered MyD88 signaling as a result of TRIF deletion, we 188 challenged TRIFKO mice with 10 ng ICV IL-1β. MyD88 is essential for IL-1R signaling, 7 but TRIF is not involved (Muzio, Ni, Feng, & Dixit, 1997) . We found that WT and 190 TRIFKO mice had similar anorexia response to ICV IL-1β ( Fig. 1figure supplement  191 1a). While WT IL-1β-treated mice lost more weight than WT saline-treated mice, it was 192 not significantly more than TRIFKO IL-1β-treated mice ( Fig. 1figure supplement 1b) . showed a significant increase in size compared to saline-treated WT mice, arcuate 229 nucleus microglia in LPS-treated TRIFKO mice did not increase in size compared to 230 saline-treated TRIFKO mice (Fig. 2d ). In the arcuate nucleus, Iba-1 intensity per 231 microglia did not increase in the LPS-treated group for either genotype ( Fig. 2e ). 232
However, overall Iba-1 intensity increased in the median eminence in the WT LPS-233 treated group compared to the WT saline-treated group, but not in the TRIFKO LPS-234 treated group compared to the TRIFKO saline-treated group (Fig. 2f ). Since chemokines comprised the majority of inflammatory transcripts that were less 253 upregulated in TRIFKO mice after LPS exposure, we hypothesized that TRIF is 254 important in immune cell recruitment to the brain. We performed flow cytometry on the 255 brains of WT and TRIFKO mice 12 hrs after 500 ng ICV LPS exposure. We focused on 256 neutrophils because of previous literature showing they are the predominant cell type in 257 the brain after LPS exposure (He et al., 2016) . We found that compared to saline-258 treated WT mice, LPS-treated WT mice had a significantly higher percentage of CD45+ 259 cells in the brain that were neutrophils ( Fig. 3a-c ). Alternatively, compared to saline-260 treated TRIFKO mice, LPS-treated TRIFKO mice did not have an increased percentage 261 of CD45+ cells in the brain that were neutrophils ( Fig. 3c ). There was no increase in T-262 cells, Ly6C hi monocytes, or Ly6C low monocytes after LPS exposure in either genotype 263 ( Fig. 3d ). 264 265
Figure 3: TRIF is required for neutrophil recruitment to the brain after ICV LPS. A) 266
Flow cytometry gating strategy for various immune cell types in the brain from compared to WT mice with PDAC ( Fig. 4a and b ). Furthermore, TRIFKO tumor mice 284 showed attenuated fatigue compared to WT tumor mice ( Fig. 4c ). WT tumor-bearing 285 mice showed significantly decreased gastrocnemius mass compared to WT sham-286 operated mice while TRIFKO tumor-bearing mice did not show decreased 287 gastrocnemius mass compared to TRIFKO sham-operated mice (Fig. 4d ). These effects 288 on muscle catabolism were further evidenced by the fact that the E3 ubiquitin-ligase 289 system genes Mafbx and Murf1 were upregulated in WT tumor animals compared to 290 WT sham animals, but not significantly upregulated in TRIFKO tumor-bearing animals 291 (Fig. 4e ). The same was true for Foxo1, a key transcription factor for muscle catabolism 292 13 (Sandri et al., 2004) . In addition, although Ccl2 was significantly upregulated in the 293 hypothalamus of WT tumor animals, it was not in TRIFKO tumor-bearing animals. 294
Alternatively, compared to WT tumor-bearing animals, Il1 was equally upregulated in 295 the hypothalami of TRIFKO tumor-bearing animals, and Tnf, Il6, Cd80, Cxcl1, Cxcl2, 296
and Cxcl10 were not upregulated in WT or TRIFKO tumor-bearing animals. Lastly, 297
although Ccl5 was less upregulated in TRIFKO tumor-bearing animals compared to WT 298 tumor-bearing animals, this relationship was not significant (Fig. 4f ). Ifn was excluded 299 from analysis due to undetectable expression in several samples. 300 We found that TRIFKO mice experienced attenuated hypothalamic inflammation 372 after systemic LPS exposure. Interestingly, amongst the differentially regulated 373 transcripts between WT and TRIFKO animals, there was a predominance of chemokine 374 mRNAs (Ccl2, Ccl5, Cxcl1, Cxcl10). Previous studies showed that LPS exposure results 375 in peripheral immune cell recruitment to the brain (He et al., 2016) and that infiltrating 376 immune cells in the brain drive sickness behavior (D'Mello, Le, & Swain, 2009). Based 377 on these data, we investigated whether TRIFKO mice had decreased immune cell 378 infiltration into the brain after ICV LPS exposure and found that TRIF was required for 379 neutrophil recruitment. While TRIF is known to be important for neutrophil recruitment to 380 the lungs (Liu et al., 2016) , this is the first study to implicate TRIF in neutrophil 381 recruitment to the brain. This presents a novel mechanism that can be applied to 382 several pathologies, including CNS infection, cancer, and stroke. Furthermore, no 383 studies have investigated whether neutrophils are important in sickness behavior or 384
cachexia. 385
When inflammation is maintained, acute sickness behavior transforms into 386 cachexia, a maladaptive condition associated with increased mortality and decreased 387 mechanisms of inflammatory signaling important for this syndrome remain unclear. We 390 found that in a mouse model of PDAC-associated cachexia, TRIFKO mice experienced 391 attenuated anorexia, fatigue, muscle catabolism, and hypothalamic inflammation 392 compared to WT mice. It is important to note that differences between WT and TRIFKO 393 mice only emerged 9-10 days after tumor inoculation, suggesting that TRIF is important 394 in later stages of cachexia. Therefore, it is possible that the MyD88 pathway dominates overnight at 4°C and cryoprotected in 20% sucrose for 24 hrs at 4°C before being 477 stored at −80°C until used for immunohistochemistry. Immunofluorescence 478 histochemistry was performed as described below. Free-floating sections were cut at 30 479 μm from perfused brains using a sliding microtome (Leica SM2000R, Leica 480
Microsystems, Wetzlar, Germany). Hypothalamic sections were collected from the 481 division of the optic chiasm (bregma −1.0 mm) caudally through the mammillary bodies 482 (bregma −3.0 mm). The sections were incubated for 30 min at room temperature in 483 blocking reagent (5% normal donkey serum in 0.01 M PBS and 0.3% Triton X-100). 484
After the initial blocking step, the sections were incubated in rabbit anti-mouse Iba-1 485
(1:500, DAKO) in blocking reagent for 24 hrs at 4°C, followed by incubation in donkey 486 anti-rabbit Alexa 555 (1:1000) for 2 hrs at room temperature. Between each stage, the 487 sections were washed thoroughly with 0.01 M PBS. Sections were mounted onto 488 gelatin-coated slides and coverslipped using Prolong Gold Antifade media with DAPI 489 (Thermofisher, Waltham, MA). 490 491
Microglia Activation Quantification 492
Microglia activation in the MBH was quantified using Fiji (ImageJ, NIH, Bethesda, 493 MD). The MBH was defined as the region surrounding the third ventricle at the base of 494 the brain, starting rostrally at the end of the optic chiasm when the arcuate nucleus 495 driver (Foley et al., 2015) . Cells were maintained in RPMI supplemented with 10% heat-536 inactivated FBS, and 50 U/mL penicillin/streptomycin (Gibco, Thermofisher), in 537 incubators maintained at 37°C and 5% CO2. In the week prior to tumor implantation, 538 animals were transitioned to individual housing to acclimate to experimental conditions. 539
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